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A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 7 fishmeal (6.8%); whey powder (5.0%), soybean meal (4.0%) and soy protein concentrate (4.0%). 118 A sample of liver from each (~10 g) was obtained from the central lobe of the liver and 119 immediately frozen in liquid nitrogen and stored at 80 °C . Each following procedure was 120 first performed with one liver sample and then repeated 2 days later with the other, acting as 121 an experimental replicate. 122
For the proteomics analysis, one male 24-week old, non-fasted C57BL6/J mouse was 123 euthanazed via CO 2 inhalation. Following this, the liver was divided into two and either 124 immediately snap frozen for the sucrose method or placed in 10% NBF for ~48 h. Small 125 animal studies were performed in accordance with guidelines from the University of 126
Queensland Ethics Committee and the National Health and Medical Research Council of 127
Australia. 128 2.2 Cold-water extraction using sucrose density ultracentrifugation ("sucrose 129 method") 130 The procedure for liver-glycogen extraction and purification using sucrose density 131 ultracentrifugation was similar to that used previously (Sullivan et al., 2014) . Approximately 132 1.2 g of frozen liver was homogenized in 18.2 mL of glycogen isolation buffer, an inhibitor 133 of glucosidase activity (50 mM Tris, pH 8, 150 mM NaCl, 2 mM EDTA, 50 mM NaF, 5 mM 134 sodium pyrophosphate, and protease-inhibiting cocktail (Roche)). Then 200 L of the 135 homogenate was removed and frozen at 20 °C for glycogen content analysis. The remaining 136 homogenate was divided into six equal portions and was centrifuged at 6000 g for 10 min at 4 137°C with the resulting supernatants centrifuged further at 488 300 g for 1 h at 4 °C . The pellets 138
were resuspended in 400 L of glycogen isolation buffer and layered over a 3-mL stepwise 139 sucrose gradient (37.5% and 75% in glycogen isolation buffer). The samples were thenA c c e p t e d M a n u s c r i p t 8 centrifuged at 488 300 g for 2 h at 4°C. The supernatants were discarded and the resulting 141 pellets were resuspended in 200 L of deionized water. 1 mL of absolute ethanol was added 142 to the samples and centrifuged at 4000 g for 10 min, with the supernatants being discarded. 143
The pellets were resuspended in 500 L of deionized water and then lyophilized (freeze-144 dried; VirTis, Benchtop K). 145
Preparation of 10% neutral-buffered formalin

146
While technically 3.7% formaldehyde, historically the preparation of this fixative chemical 147 has been achieved by diluting commercial-grade stock formaldehyde (37-40% formaldehyde, 148 generally referred to as formalin when in solution) 10-fold in a phosphate buffer; hence the 149 name 10% neutral-buffered formalin (NBF). A 10% NBF solution (adjusted to pH 7) was 150 prepared by diluting 37% formaldehyde (formalin) 10-fold and adding 4% sodium 151 dihydrogenphosphate monohydrate and 6.5% anhydrous sodium hydrogenphosphate. 152
Extraction of glycogen from formalin-fixed tissue ("formalin method")
153
The method used was modified from that employed previously (Devor & Canowitz, 1962) . 154 Approximately 1.2 g of frozen liver was divided into 6 portions (~200 mg each). These 155 samples were taken from the same piglets as for the "Cold-water extraction using sucrose 156 density ultracentrifugation" section. To these samples, 2 mL of 10% NBF was added, with 157 the liver tissues being fully immersed. These samples were left at room temperature for ~48 158 h, which has been shown to be an adequate time to form protein crosslinks when using NBF 159 at ~25
°C (Helander, 1994) , and then homogenized. The homogenate was subsequently 160 centrifuged at 4000 g for 10 min. The supernatant of each sample was added to 10 mL of 161 absolute ethanol and the samples were centrifuged at 4000 g for 10 min. The pellet wasA c c e p t e d M a n u s c r i p t 9 resuspended in 500 L of deionized water and then lyophilized (freeze-dried; VirTis, 163 Benchtop K). 164
Measuring the liver-glycogen content
165
The glycogen content of the liver was determined using a glucose oxidase/peroxidase 166 (GOPOD) assay procedure, similar to that used previously (Roehrig & Allred, 1974; Sullivan 167 et al., 2014), Firstly, six 20 L aliquots of liver-glycogen homogenate (from Cold-water 168 extraction using sucrose density ultracentrifugation ("sucrose method")) were separated, 169 allowing for a more accurate determination of the liver-glycogen content and determination 170 of the statistical error in the analysis. To each of these 6 samples was added 5 L of 171 amyloglucosidase (3260 U mL -1 ) were also tested, showing no reaction with GOPOD, confirming that there is no 183 additional absorbance resulting from sucrose contamination. 184
The liver glycogen content, given in Table 1 , is presented as the mean ± standard error of the 185 mean (SEM) of the 6 samples. The crude yield from both of the glycogen extraction methods, given in Table 1, was  188 determined by weighing the amount of sample remaining after being freeze-dried. There were 189 6 samples from each method, allowing the yield to be presented as the mean ± standard 190 error of the mean (SEM). 191
Measuring glycogen purity
192
The purity of glycogen can also be determined using the same assay used to measure the 193 glycogen content of the liver. Briefly, 100 L of extracted-glycogen solution (~0.006 mg mL 
Results
269
The extraction of liver-glycogen using different techniques was performed on the same liver 270 samples, allowing the direct comparison of the methods. Because the trend was the same for 271 both pigs, the main text contains results from a single pig, with those for the corresponding 272 size-exclusion chromatography data for the other in the SI. 273
The yields and purities of glycogen extracted with the sucrose and formalin methods are 274 given in Table 1 . 275 Table 1 . Glycogen content, purity and yield. 276
Liver-Glycogen
Crude yield (%) Purity (%) Glycogen Yield (%)
A c c e p t e d M a n u s c r i p t Samples are given as the mean ± standard error of the mean (SEM), n = 6. 277
278
While the purity of the glycogen extracted using the formalin method is lower than that of the 279 sucrose method (~31% compared to ~55%), the amount of glycogen extracted (the glycogen 280 yield) is significantly higher with the formalin method, which extracted ~85% of the 281 glycogen present in the liver (as calculated in "Measuring the liver-glycogen content"), 282 compared to the ~46% from the sucrose method. Because the formalin/protease method 283 consists of taking formalin-extracted glycogen and adding protease, the glycogen yield is the 284 same as for the formalin method. The crude yield and purity will change as a direct result of 285 how much protease is added to the samples. The SEC samples were also run at a concentration 5 times more dilute, with no changes 297 occuring in the distribution, indicating no aggregation (see SI). 298
As shown in Figure 1A , each of the three extraction methods have a similar and relatively 299 good level of repeatability, with little variation between the six distributions within eachM a n u s c r i p t 16 extraction method. There is however some variation so care must be taken when drawing 301 conclusions from very similar distributions. As expected there are -and -particle peaks for 302 each distribution, as has been seen in recent SEC distributions of pig-liver glycogen 303 (Sullivan, Powell, Witt, Vilaplana, Roura & Gilbert, 2014). 304
The effect of dissolving samples at 80 °C overnight (compared to the much milder 25 °C ) was 305 also tested, as this method has been employed previously ( formalin-extracted glycogen after guanidine-HCl treatment (Table 2) . 323 Gene ontology analysis was performed to compare the proteins enriched by the sucrose and 344 formalin extraction methods (see Table 3 ). The main contaminants after the sucrose method 345
were ribosome-associated proteins, consistent with co-sedimentation of ribosomes with 346 ultracentrifuge purified glycogen. On the other hand, the formalin method was contaminated 347 primarily with soluble cytoplasmic and secreted proteins, consistent with the presence of 348 these classes of proteins in the supernatant after formalin crosslinking. 349 M a n u s c r i p t
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Because the normalization of these distributions is arbitrary, one cannot say, for example, that 366 one technique or other results on more or less extraction of α particles; however, comparison 367 of relative amounts is meaningful. 368
The distributions of glycogen extracted using the formalin method (without protease) have 369 relatively fewer  particles then the sucrose method; however, when treated with protease, 370
there is a substantial increase in the relative height of the  particle peak (see Figure 1A) . 371
While there are still more  particles in relative terms from the sucrose method, it is possible 372 that this is due to a loss of  particles from this method, as opposed to a loss of  particles in 373 the formalin/protease method. Indeed, the preferential loss of  particles in the sucrose 374 method appears to be more likely, both because the total yield is lower (see Table 1 ) and 375 because, given the method's reliance on the larger, denser particles forming a pellet after the 376 sucrose-gradient centrifugation step, it is more likely that smaller particles would be lost. The 377 shift of the -particle peak from the sucrose method to higher sizes is consistent with the 378 prefential loss of smaller particles. 379
One possible explanation for the increased amount of  particles in the formalin/protease 380 method, compared to the formalin method (see Figure 1A ), is that a significant amount of  381 particles may be left insoluble after formalin fixation, most likely due to glycogen-associating 382 proteins being linked together to form large insoluble aggregates which can be liberated when 383 exposed to protease. This may suggest that there are significantly more proteins on the 384 outside of  particles than  particles; however this is only speculation. Another possibility is 385 that there is a network of proteins that are not connected to the larger glycogen  particles, 386 but form a physical barrier that allows smaller  particles, but not  particles, to pass into 387 solution. Here protease would be able to destroy this barrier, allowing these glycogen  388 particles to be analyzed using SEC. to the sucrose method. How this difference would affect the ability of the protein to join the  433 particles together can only be speculated at this point and is beyond the scope of this study; 434 however we will offer a brief description of two possibilities. Firstly, if there is a protein 435 linked covalently to join together  particles, it is possible that denaturing this protein will 436 make the protein backbone more susceptible to shear scission; given the relatively large M a n u s c r i p t M a n u s c r i p t
